The methanol, ethanol and chlorofom leaf extracts of Satkara, Citrus assamensis (family: Rutaceae), were subjected to in vitro anti-bacterial, thrombolytic, membrane stabilizing and in vivo anti-inflammatory and antitumor activity tests. The chloroform extract of C. assamensis showed the most important spectrum of activity against Bacillus subtilis, Bacillus cereus, Sarcina lutea among 6 gram positive and against 11 gram negative bacteria at the concentration of 1000 μg/disc, while the range of zones of inhibition were within 7-16 mm. Among the tested three extracts CHCl 3 extract showed potent thrombolytic activity and hypotonic solution induced haemolytic activity where the percentages of inhibition were found to be 35% and 55% respectively. All the extracts established significant (p<0.05) anti-inflammatory effect by regulating biphasic inflammatory process induced by carrageenan. The leaf extract dose-dependently and significantly decreases the number of EAC cell count and inhibition of cell growth in comparison to the EAC control and standard. The results obtained in the present study indicate that, C. assamensis leaf can be a potential source of anti-bacterial, thrombolytic, membrane stabilizing, anti-inflammatory and antitumor agents.
Introduction
Medicinal plants are always very promising for the development of new drugs. To distinguish any plant possessing medicinal quality, proper scientific screening is essential. Traditionally different plants are known to have different efficacy for treating various types of diseases.
Pathogenic bacteria have always been considered as a major cause of morbidity and mortality in humans. Even though pharmaceutical companies have produced a number of new antibacterial drugs in the last years, resistance to these drugs has increased and has now become a global concern [1] . Emergence of resistance to first-line antibiotics poses challenge in treatment of several human infections [2] [3] [4] and is prompting a revival in research of the antimicrobial role of plants against resistant strains due to comparable safety and efficacy. The use of crude extracts of plant parts and phytochemicals, of known antimicrobial properties, can be of great significance in their therapeutic applications. Plants are rich in a variety of phytochemicals including tannins, saponins, alkaloids, and flavonoids which have been found to have in vitro antimicrobial properties [5] [6] [7] . It is expected that plant extracts showing target sites other than those used by antibiotics will be active against drug resistant microbial pathogens.
Thrombosis is the fundamental pathophysiological process that underlies the acute coronary disorders such as pulmonary emboli, deep vein thrombosis, strokes and heart attacks; which are the main causes of morbidity and mortality in developed countries [8] . Thrombolytic therapy uses drugs called thrombolytic agents, such as alteplase, anistreplase, streptokinase, urokinase, and tissue type plasminogen activator (tPA) to dissolve clots. The purpose of a fibrinolytic drug is to dissolve thrombin in acutely occluded coronary arteries thereby to restore blood supply to ischemic myocardium, to limit necrosis and to improve prognosis [9] . For the treatment of myocardial infraction, many thrombolytic agents are used among which streptokinase is remarkable and widely used. Moreover, tPA is more effective and safer than either urokinase or streptokinase type activators. Because of the shortcomings of the available thrombolytic drugs, attempts are underway to develop improved recombinant variants of these drugs [10] .
Inflammation is a very complex biological state. Chronic inflammation may be associated with aging, cancer, adipogenesis, diabetes, cardiovascular problems, lung disease, etc. [11] [12] [13] . Erythrocyte membrane stabilization is a process of maintaining the integrity of biological membranes, such as erythrocyte and lysosomal membranes [14, 15] , which highlights the effect of synthetic and herbal anti-inflammatory agents on erythrocyte membrane that is exposed osmotic and heat-induced lyses. Several herbal derived drugs have been demonstrated to contain principles that possess ability to facilitate the stability of biological membranes when exposed to induced lyses.
Inflammation and oxidative stress play an important role in various diseases. It involves a complex array of enzyme activation, mediator release, and extravasations of fluid, cell migration, tissue breakdown and repair [8] . Non-steroidal anti-inflammatory drugs (NSAID) or steroidal anti-inflammatory drugs (SAID) are commonly used to treat different inflammatory diseases. Conventional anti-inflammatory agents are generally disease modifying agents and can't cure the diseases as well as cause greater toxic effects in organs like liver, kidney, etc. [16] . Therefore, the development of new antiinflammatory drugs is still necessary to overcome the toxicity of NSAID and naturally originated agents as they have very little side effects which may be desirable to substitute chemical therapeutics [17, 18] .
Cancer is one of the most life-threatening diseases and serious public health problems in both developed and developing countries next to cardiovascular disorders. It can be characterized by a rapid and uncontrolled formation of abnormal cells which may mass together to form a tumor, or proliferate throughout the body indicating abnormal growth at other sites. Many antineoplastic agents produce serious chronic or delayed toxicities that may be irreversible, particularly in heart, lungs, and kidneys [19] . Hence, natural products now have been contemplated of exceptional value in the development of effective anticancer drugs. Medicinal plants are playing an important role as a source of effective anticancer agents and it is significant that 60% of currently used anticancer agents are derived from natural sources including plants [20] . Plant-derived products have been reported to exhibit potent antitumor activity against several rodent and human cancer cell lines [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . Thus, cancer patients who already got crippled with this disease, and who are further burdened by drug-induced toxic side effects, have now turned to seek help from the complementary and alternative medicine hoping for a better cure [35] .
Citrus genus belongs to the large family Rutaceae, containing 130 genera in the seven subfamilies with many important fruit and essential oil producers [36] . A genus of evergreen aromatic shrubs and small trees distributed in the Indo-Malay region, SouthEast Asia and China but cultivated throughout the topical and temperate regions of the world [37] .
Citrus assamensis, locally known as Satkora in Bangladesh, is a small tree, 4.5 to 7.5 meter of height and moderately branched and thorny plant of the family Rutaceae, which is used as medicine by local tribes of Assam, India. Leaves, flowers, and fruits of C. assamensis are used for treating dysentery, indigestion, pimples and intestinal worms [38] .
However, so far, there is no report demonstrating the in vitro and in vivo biological activities of C. assamensis plant extract, which prompted us to design the present study to evaluate the in vitro antibacterial, thrombolytic and membrane stabilizing activity as well as in vivo anti-inflammatory and anti-tumor activity on Swiss albino mice by using the organic soluble materials of the leaf extracts for the first time.
Materials and Method

Collection, identification and processing of plant samples
Leaves of C. assamensis were collected from Jaintyapur, Sylhet, Bangladesh and the plant was taxonomically identified with the help of the National Herbarium of Bangladesh, Mirpur, Dhaka (DACB; Accession Number-38759). Leaves were sun dried for seven days. The dried leaves were then ground in coarse powder using high capacity grinding machine (Jaipan Designer Mixer Grinder, India) which was then stored in air-tight container with proper labeling for identification and kept in cool, dark and dry place for investigation.
Extraction procedure
The powdered plant parts (30 g) were successively extracted in a soxhlet extractor at elevated temperature using 500 mL of distilled methanol at (40-60) °C which was followed by ethanol and chloroform. After extraction all extracts were kept in refrigerator at 4°C for further investigations with proper labeling for identification.
Anti-bacterial activity
The antimicrobial screening, which is the first stage of antimicrobial drug discovery, was performed by the disc diffusion method against Gram positive and Gram negative bacteria (Table 1 ) collected as pure cultures from an authentic source. Standard disc of ciprofloxacin (5 μg/disc) and blank discs (impregnated with solvents followed by evaporation) were used as positive and negative control, respectively. The antibacterial activity of the test agents was determined by measuring the diameter of zone of inhibition expressed in mm [39] .
Streptokinase (SK)
Commercially available lyophilized altepase (streptokinase) vial (Popular Pharmaceutical Ltd.) of 15, 00,000 I.U., was collected and 5 mL sterile distilled water was added and mixed properly. This suspension was used as a stock from which 100μl (30,000 I.U.) was used for in vitro thrombolytic activity evaluation.
Blood sample
Blood samples (n=6) was drawn from healthy human volunteers without a history of oral contraceptive or anticoagulant therapy and 1 mL of blood was transferred to the previously weighed micro centrifuge tubes and was allowed to form clots.
Thrombolytic activity
The thrombolytic activity of all extracts of the plants was evaluated by the method developed by Prasad et al. [40] using, streptokinase (SK) as the standard [41] .
In vitro membrane stabilizing activity
The erythrocyte membrane resembles to thelysosomal membrane and as such, the effect of drugs on the stabilization of erythrocyte could be extrapolated to the stabilization of the lysosomal membrane [42] . The membrane stabilizing activity of the extractives was assessed by using the hypotonic solution-induced method [43] . To prepare the erythrocyte suspension, whole blood was obtained from healthy human volunteer and was taken in syringes containing anticoagulant EDTA (3.1% sodium citrate). The blood was centrifuged and blood cells were washed three times with solution (154 mM NaCl) in 10 mM sodium phosphate buffer (pH 7.4) through centrifugation for 10 min. at 3000 g.
Hypotonic solution induced hemolysis
The test sample consisted of stock erythrocyte (RBC) suspension (0.50 mL) mixed with 5 mL of hypotonic solution (50 mM NaCl) in 10 mM sodium phosphate buffered saline (pH 7.4) containing either the extracts (1.0 mg/mL) or acetyl salicylic acid (0.1 mg/mL). The control sample consisted of 0.5 mL of RBCs mixed with hypotonic-buffered saline alone. The mixture was incubated for 10 min. at room temperature, centrifuged for 10 min. at 3000 g and the absorbance of the supernatant was measured at 540 nm. The percentage inhibition of either hemolysis or membrane stabilization was calculated using the following equation:
Percentage inhibition of hemolysis = 100 × (OD 1 -OD 2 /OD 1 )
Where, OD 1 = optical density of hypotonic-buffered saline solution alone (control) OD 2 = optical density of test sample in hypotonic solution
Heat induced hemolysis
Isotonic buffer containing aliquots (5 mL) of the different extractives were put into two duplicate sets of centrifuge tubes. The vehicle, in the same amount, was added to another tube as control. Erythrocyte suspension was added to each tube and mixed gently by inversion. One pair of the tubes was incubated at 56 °C for 30 min. in a water bath, while the other pair was maintained at 0-5 °C in an ice bath. The reaction mixture was centrifuged for 5 min at 2500 g and the absorbance of the supernatant was measured at 560 nm. The percentage inhibition or acceleration of hemolysis in tests and was calculated according to the equation:
Where, OD 1 = optical density of unheated test sample OD 2 = optical density of heated test sample OD 3 = optical density of heated control sample
Experimental animal
Swiss albino mice of either sex, 4-5 weeks of age, weighing between10-24 g were collected from icddr,b, Dhaka. Animals were maintained under standard environmental conditions and free access to feed and water. The animals were acclimatized to laboratory condition for one week prior to experiments. All protocols for animal experiment were approved by the institutional animal ethical committee.
In vivo anti-inflammatory activity
Carrageenan induced rat paw edema
Swiss albino mice were divided into five groups (n= 6). Acute inflammation was produced by the subplantar administration of 0.1 mL of 1% Carrageenan in normal saline in the left hind paw of the Swiss albino mice. The paw volume was measured at 0 h and 2 h after Carrageenan injection using plethysmometer [44, 45] . The first group received normal saline (3 mL kg -1 body weight p.o.) and the second group received phenylbutazone (100 mg/kg body weight p.o.). While the third, fourth and fifth groups were treated with methanol, ethanol and chloroform extracts at a concentration of (250 mg/kg body weight p.o.) respectively. The animals were pre-treated with the drug 1 h before the administration of Carrageenan. 
In vivo anti-tumor activity
Anticancer potentiality of methanol, ethanol and chloroform extract of C. assamensis leaf was evaluated by measuring tumor cell growth inhibition.
Cell growth inhibition
In vivo tumor cell growth inhibition was carried out by the method as described by Islam et al. [46] with slight modification. For this study, eight groups of Swiss albino mice (6 in each group) were used. For therapeutic evaluation 136 ×10 5 cells/mouse were inoculated into each group of mice on the first day. Treatment was started after 24 h of tumor inoculation and continued for 7 days. The first group received bleomycin (0.3 mg/kg of body weight) intra-peritoneally (i.p.) and the second group was treated with the vehicle (normal saline) and was considered as untreated control. Groups 3, 4 received methanol extract, groups 5, 6 received ethanol extract and groups 7, 8 received chloroform extract of C. assamensis at the dose of 100 mg/kg and 200 mg/kg of body weight (i.p.) respectively per day per mouse. In each case the volume of the test solution injected (i.p.) were 0.1 mL/day per mouse. The mice were sacrificed on the 8 th day after transplantation and tumor cells were collected by repeated intra-peritoneal wash with 0.9% saline. Viable tumor cells per mouse of the treated group were compared with those of control (Ehrlich Ascites Carcinoma, EAC untreated) group.
The cell growth inhibition was calculated by using the formula:
Percentage cell growth inhibition = (1 -Tw/Cw) × 100
Where, Tw = Mean of number of tumor cells of the treated group of mice and Cw = Mean of number of tumor cells of the control group of mice
Statistical analysis
Data was expressed as mean ± SEM (Standard error of mean). The results were analyzed statistically by ANOVA followed by Dunnet's test. Results with p < 0.05, p < 0.01 and p < 0.001 were considered statistically significant.
Results and Discussion
In vitro anti-bacterial activity
The antibacterial activities of different extracts of C. assamensis leaf are depicted in Table 1 . The results indicated that the extracts showed antibacterial activities at variable degrees against both Gram positive and Gram negative bacteria. The methanol extracts of C. assamensis did not show antibacterial activity against the majority of the bacteria tested, their inhibitory effect being noted against Staphylococcus aureus, S. epidermidis, Sarcina lutea, Salmonella typhi, Shigella dysenteriae and S. sonnei only at the concentration of 1000 μg/disc, whereas ethanol extract produced antibacterial activity only against Bacillus megaterium. However, the chloroform extract displayed the most important spectrum of activity against Bacillus subtilis, Bacillus cereus, Sarcina lutea and all tested Gram negative bacteria at the concentration of 1000 μg/disc, whereas the range of zone of inhibition was within 7-16 mm, but S. aureus and S. epidermidis showed resistance at the same concentration. The use of crude extracts of plants parts and phytochemicals, of known antimicrobial properties, can be of great significance in the therapeutic treatments. In this present study, preliminary screening for antimicrobial activity showed that, chloroform extract displayed profound antibacterial activity on at least 4 of 6 Gram positive and 11 out of 11 Gram negative bacterial strains tested. While the methanol and ethanol extracts of C. assamensis showed least inhibitory activity. For instance, ciproflaxacin showed the maximum zone of inhibition against all bacterial strains tested. From the literature review it was observed that the methanol extract of C. microcarpa, C. reticulate and C. sinensis at 20 mg/mL showed better inhibition compare to C. aurantifolia and C. limona gainst S.aureus and E. coli [47] .
Hydroalcoholic extract of C. aurantifolia leaf exhibit antibacterial activity on K. pneumonia, Pseudomonas sp., S. aureus [48] . The antibacterial activity of ethanol extracts of C. sinensis leaves showed little zones of inhibition against E. coli, P. aeruginosa, K. pneumoniae, and S. aureus (1-3mm in diameter) [49] . According to Dulay and De Castro [50] , ethanol extract of C. microcarpa significantly recorded the highest diameter zone of inhibition of 13.53 mm, which statistically comparable with the ethanol extract of C. aurantium and C. maxima having the diameter zone of inhibition of 12.93 mm and 11.26 mm respectively. However in the in the present study, differences were also observed between antibacterial activities of the extracts. Adnan et al. [51] reported that the methanol extracts of C. sinensis, C. paradisi and C. jambhiri leaf showed no antimicrobial activity at higher concentrations (4000 µgmL [52] . In addition, mycelial growth of A. flavus decreased in increasing concentration of essential oils of C. maxima and completely inhibited the growth at 500 ppm. This oil contained DL-limonene (31.83%), E-citral (17.75%), 1-hexene-4-methyl (15.22%) and Zcitral (13.38%) as the major components [53] . On the other hand, extract of C. aurantium contain 8 flavonoids namely, isonaringin, naringin, hesperidin, neohesperidin, naringenin, hesperitin, nobiletin and tangeritin, which are known to exhibit antibacterial property [54] . These differences could be due to the differences in the chemical composition of these extracts as the secondary metabolites of plants have many effects including antibacterial and antiviral properties.
In vitro thrombolytic activity
As a part of discovery of cardio protective drugs from natural resources, the extractives of C. assamensis were assessed for thrombolytic activity and the results are presented in Fig. 1 . An in vitro thrombolytic method was used to investigate the thrombolytic activity of plant extracts in blood sample from healthy human volunteers, along with streptokinase as a standard and sterile distilled water as a control. Addition of 100 μL streptokinase (30,000 I.U.), to the clots and subsequent incubation for 90 min. at 37 °C, showed only 12% of clot lysis. On the other hand, clots when treated with 100 μL sterile distilled water showed only negligible clot lysis (11%). The significant average percent of clot lysis (35%) of chloroform extract of C. assamensis was found. 
Values are mean ± SEM (n=6), a (p< 0.05) significantly different when compared with the corresponding value of control group, done by independent sample t-test
Thrombosis or blood clot formation is a critical event in which the damaged regions of the endothelial cell surface or blood vessel are blocked by the deposition of platelets, tissue factor and fibrin [55] . Various thrombolytic agents are used to dissolve the clots that have already formed in the blood vessels; but these drugs have limitations and can lead to serious and sometimes fatal consequences [56] [57] [58] [59] . A number of research works have been conducted to discover the plants and natural food sources and their supplements having antithrombotic effect and there is indication that consuming such food leads to prevention of coronary events and stroke [60] [61] [62] [63] [64] [65] [66] . From the literature review it was also observed that the C. hystrix (Leaf), C. macroptera (Fruit), C. sinensis (Peel oil) has a significant thrombolytic effect [67] [68] [69] [70] . From the present study, it can be concluded that the different leaf extracts of C. assamensis is able to lyse clot by disrupting the fibrinogen and fibrin 
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Groups a contained in a clot. In addition, positive result in thrombolytic activity test led us to the interference that the plant extract may contain bioactive compounds, which may aid ongoing cardiovascular drug discovery from the floristic resources.
In vitro membrane stabilizing activity
The leaf extracts of C. assamensis at concentration of 1.0 mg/mL, were tested against lysis of human erythrocyte membrane induced by hypotonic solution as well as heat, and compared with the standard acetyl salicylic acid (0.10 mg/mL) ( Table 2 ). For hypotonic solution induced hemolysis, at a concentration of 1.0 mg/mL, the chloroform extract inhibited 55.68% hemolysis of RBCs as compared to 91.81% produced by acetyl salicylic acid (0.10 mg/mL). On the other hand, during heat induced condition different leaf extracts of C. assamensis like methanol, ethanol and chloroform extracts demonstrated 29.91, 23.82 and 27.10% inhibition of hemolysis of RBCs, respectively whereas acetyl salicylic acid inhibited 70.75%. Membrane stabilizing activity is related to anti-inflammatory activities preliminary [42] . During inflammatory events, lysosomal enzymes and hydrolytic constituents are released from phagocytes into the extracellular space that produce a variety of disorders. Hypotonic solution and heat induced erythrocyte membrane lysis can be taken for the in vitro determination of anti-inflammatory activity of drugs or plant extracts by stabilizes the erythrocyte membrane. Exposure of red blood corpuscles to injurious substances such as; hypotonic medium, heat and methyl salicylate results in the lysis of the membranes, accompanied by haemolysis and oxidation of haemoglobin [71] . Membrane stabilization leads to the prevention of leakage of serum protein and fluids into the tissues during a period of increased permeability caused by inflammatory mediators [72] . In the present study, the mean difference in percentage inhibition of haemolysis between standard and tested extracts were found to be significant (p < 0.05). C. assamensis leaf extract perhaps stabilized the red blood cell membrane by preventing the release of lytic enzymes and active mediators of inflammation. Ali et al. [67] investigated the membrane stabilizing activity of C. hystrix using the hypotonic solution induced haemolysis method where the ethanol extract inhibited 74.40% haemolysis of RBCs, compared to 93.24% inhibited by acetyl salicylic acid (0.10 mg/mL). While studies have shown flavonoids to exert stabilizing effects on lysosomes [73] , tannin and saponins have been reported as being capable of binding cations, thereby stabilizing the erythrocyte membrane [74] . Table 3 shows the results on anti-oedematous effect of intra-peritoneally administered C. assamensis leaf extracts on Carrageenan paw edema in mice. At doses of 250 mg/kg body weight, different leaf extracts caused a significant reduction in paw edema (52.81%, 67.78% and 87.20% respectively). In this model, phenylbutazone, a commonly used antiinflammatory drug, produced a significant inhibition by 95.70%. As shown in Table 3 , all leaf extracts exhibited anti-inflammatory activity higher than that of the standard phenylbutazone. Carrageenan induced hind paw edema test has been extensively used to evaluate the anti-inflammatory effect of new pharmaceutical agents [75] . All the extracts of C. assamensis established significant anti-inflammatory effect by regulating biphasic inflammatory process induced by carrageenan (Table 3) . C. medica peel extract is reported to have significant potential in carrageenan induced inflammatory pain in rats [76] . Methanol extract of C. limon fruit rind produced significant inhibition of paw edema [77] . Ethyl acetate peel extract of C. decumana at the dose of 300 mg/kg produced a significant decrease in paw volume and pain when compared to diclofenac and morphine [78] . Our results indicated that oral dose of C. assamensis repressed the edema throughout all stages of inflammation, which is perhaps due to inactivation of different chemical mediators of inflammation.
In vivo anti-inflammatory activity
In vivo anti-tumor activity
Effect of different leaf extracts of C. assamensis at the doses of 100 and 200 mg/kg body weight (i. p.) and bleomycin at dose 0.3 mg/kg body weight (i. p.), on growth of EAC cells in mice on day 8 after tumor transplantation is represented in Table 4 . Treatment with C. assamensis extracts resulted in a dose-dependent tumor growth inhibition except methanol extract. Among the three extracts, chloroform extract resulted in maximum cell growth inhibition of 75.04% at the dose 200 mg/kg body weight, which was 56.05% at dose 100 mg/kg body weight. Treatment with bleomycin at dose 0.3 mg/kg body weight showed cell growth inhibition by 76.67%. Segura et al. [79] reported that, as a spontaneous murine mammary adenocarcinoma, the Ehrlich tumor is a rapidly growing carcinoma with very aggressive behavior and is able to grow in the majority of mouse strains and is accepted as a transplantable tumor model used to evaluate the anticancer effects of numerous substances. Ehrilich ascites carcinoma, β-cell lymphoma proliferative diseases and chronic lymphocytic leukemia diseases perform their mechanism by uncontrolled blood cell regulation. Kinase inhibitor enzyme are needed to treat them as it binds with kinase protein, whereas flavonoids with base neucleosides in presence of nitrogenous base, it form intermolecular bond with target protein kinase and stop cell further growth [80] [81] [82] . Results of the present study indicate that C. assamensis dose-dependently and significantly decrease number of EAC cell count and inhibition of cell growth when compared to those of EAC control mice and standard. Kundusen et al. [83] observed that the intra-peritonial administration of methanol leaf extracts of C. maxima in EAC treated mice showed to increase the life span, nonviable tumor cell count and decrease in the tumor volume. From the literature review it was observed that the fruit and peel extracts of C. sinensis, C. reticulata, C. limon, C. aurantifolia has potential anticancer activity [84] [85] [86] [87] [88] [89] [90] . Moreover, the citrus secondary metabolites such as flavonoids, hesperetin, limonoids, nobiletin, naringenin and coumarins were studied for anticancer activity, which are associated with a reduced risk of cancer, including gastric cancer, breast cancer, colon cancer, lung tumorigenesis, colonic tumorigenesis, hepatocarcinogenesis, and hematopoietic malignancies, etc. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] .
Conclusion
Some chemical and biological investigations have been carried out so far on C. assamensis plant in this study mainly focusing on the leaf of the plant but those are considered to be preliminary. As a result more elaborated research may be necessary to reach concrete conclusion about the findings of the present study. On the basis of above result and available reports, all three leaf extracts of C. assamensis had potent in vitro anti-bacterial, thrombolytic, membrane stabilizing as well asin vivoanti-inflammatory and antitumor activity. However, isolating new bioactive compounds and evolution of their extracts mode of action and chronic toxicity profile might be the next steps to be followed to eventually find new led compounds. The plant can be further screened against various diseases in order to find out its unexplored efficacy and can be a potential source of chemically interesting and biologically important drug candidates.
